Introduction Discriminating acute lung injury (ALI) or acute respiratory distress syndrome (ARDS) from cardiogenic pulmonary edema (CPE) using the plasma level of brain natriuretic peptide (BNP) alone remains controversial. The aim of this study was to determine the diagnostic utility of combination measurements of BNP and C-reactive protein (CRP) in critically ill patients with pulmonary edema.
Introduction
Acute hypoxic respiratory failure due to pulmonary edema is a common reason for visiting the emergency department. The distinction between cardiogenic pulmonary edema (CPE) and acute lung injury (ALI) or acute respiratory distress syndrome (ARDS) is clinically important because the management and the prognosis are different [1] . Hence, possible biomarkers for the differential diagnosis have been investigated using various strategies [2] [3] [4] [5] .
The most widely used clinical definition of ALI/ARDS is based on the acute onset of respiratory failure, bilateral infiltration on chest radiography, a pulmonary capillary wedge pressure (PCWP) < 18 mmHg, or absence of clinical evidence of elevated left atrial pressure [2] . However, clinical estimation of PCWP is notoriously inaccurate [6] , relatively invasive and costly [7] , has no clear evidence of benefits [8, 9] , and may result in potentially adverse clinical outcomes [10] . Moreover, ALI/ARDS with concomitant heart failure complicates the differential diagnosis [11, 12] . If the respiratory status rapidly improves after the administration of diuretics alone, CPE should be considered, whereas patients who have poor responses to sufficient diuresis should be considered to have non-cardiogenic pulmonary edema. In patients with CPE that was triggered by an airway infection, the respiratory status might not completely improve in response to diuretic treatment, if airway an infection itself influences this status to some degree. Therefore, these patients who cannot undergo invasive examinations, such as bronchoscopy because of poor respiratory conditions, tend to only be diagnosed after the start of treatment [13] [14] [15] [16] . However, making an accurate initial diagnosis is still important in the emergency department, and the alternative tools for use in maing a differential diagnosis have been explored using various strategies [17] , including the measurement of the alveolar protein concentration [5] , as well as the use of chest radiographs [13, 14] and echocardiography [18] .
Brain natriuretic peptide (BNP) is released from the cardiac ventricles in response to increased cardiac wall tension. Rapid measurement of BNP has been shown to be a sensitive marker of dyspnea due to cardiac causes in the emergency room and intensive care unit settings [19] [20] [21] . In critically ill patients with hypoxic respiratory failure due to CPE versus ALI/ARDS, the diagnostic utility of BNP has been extensively investigated [15, 16, 22] , however, the accuracy of discriminating these two disorders by the BNP level alone is still a matter of debate. Several investigators have reported that BNP levels do not accurately discriminate CPE from sepsis [23] [24] [25] . Severe sepsis, known as one cause of ALI/ARDS, can increase BNP levels in spite of a normal cardiac function [24] . Therefore, false-positive findings of plasma BNP levels may be found in sepsis-associated ALI/ARDS patients.
On the other hand, C-reactive protein (CRP) is an acute phase protein produced primarily from the liver and is stimulated by the release of cytokines, such as interleukin-6 [26] . CRP is a marker of systematic inflammation that is elevated by a wide variety of diseases [27, 28] , and is widely-used at numerous emergency departments. The severe inflammatory process of the lung in ALI/ARDS patients occurs in response to various etiologies, including pulmonary or extrapulmonary injury [29] . Although there have been a few reported studies regarding the CRP levels [27, 30] in critically ill patients with ALI/ARDS, the differential diagnostic value of CRP for these conditions has not been determined. Furthermore, the utility of using a combination of BNP and CRP has not been examined for the differential diagnosis of ALI/ARDS and CPE.
We therefore assessed the diagnostic utility of measuring the plasma BNP levels combined with CRP levels in patients with hypoxic acute respiratory failure due to CPE versus ALI/ARDS.
Materials and methods

Setting and patients
This was a single-center cross-sectional study. The protocol was approved by the institutional review boards of the Aso Iizuka Hospital, and informed consent for participation was obtained from each patient or a surrogate decision maker. The hospital is a large teaching hospital with 1,600 inpatient beds. The emergency physicians routinely measured BNP and CRP levels in the plasma of the emergency outpatients, who met the following criteria: presentation with acute respiratory failure with a PaO 2 /fraction of inspired oxygen (FiO 2 ) ≤ 300 [2] , bilateral pulmonary infiltrates on chest radiography, and age ≥18 years, between May 2004 and March 2010 at the emergency department. The patients who had the following diagnoses or disease conditions on admission were excluded from this study: previously-detected interstitial pneumonia, severe bronchial asthma (stage III or more severe disease based on the criteria of the Global Initiative for Asthma [31] ) or chronic obstructive pulmonary disease (stage III or more severe based on the criteria of the Global Initiative for Chronic Obstructive Lung Disease [32] ), distinct acute coronary syndrome, renal failure requiring dialysis, cardiac surgery within 2 months, a preexisting decrease of the left ventricular ejection fraction (LVEF: < 30%), malignancies such as lung cancer and lymphoma, intracranial hemorrhage, or cardio-pulmonary arrest in the emergency room.
We designed the study to have a 90% power (β-level = 0.01) with an α-level of 0.05 to show that the AUC of 0.75 for either the CRP or BNP test is significant from the null hypothesis value of 0.5. A total of 106 subjects (53 subjects in each group) are required [33] .
The baseline characteristics recorded at the time of enrollment included the following: patient demographics, past medical history including affectors for CRP producibility (e.g. chronic hepatic failure and receiving corticosteroids), blood pressure, heart rate, body temperature, S3 gallop, PaO 2 /FiO 2 , white blood cell count, renal function, culture results, echocardiographic findings, hemodynamics, Acute Physiology and Chronic Health Evaluation (APACHE) II score, and the need for mechanical ventilation including non-invasive positive pressure ventilation.
Determination of the final diagnosis
The frequency of RHC examinations for estimating the PCWP has now decreased, because there is no clear evidence of benefit [8, 9] . We therefore determined the final diagnosis according to the clinical features and responses to treatments. As shown in Table 1 , the clinical diagnostic criteria were originally defined to ensure the objectivity of determining the final diagnosis.
First of all, if RHC was examined, the measured value was required for each diagnosis, CPE or ALI/ARDS [2] . Next, the evidence for infection, culture result and/or immunological test was required. This requirement must be cautiously considered. The subjects with ALI/ARDS include non-infectious causes such as pancreatitis or trauma [2] , moreover, not all infections are always confirmed by culture results and/or immunological tests. As a result, this condition was set as a requirement for the diagnosis of ALI/ARDS. In contrast, for the diagnosis of CPE in the present study, this condition was set as an absolute prerequisite in order to rule out the patients with CPE which was triggered by infections as much as possible. Because, CPE triggered by infections could correspond to mixed-type edema. Immunological tests for infections included polymerase chain reaction assays for Pneumocystis jiroveci and acid-fast bacillus, a Cytomegalovirus antigenemia assay, and rapid detection kits for serum Mycoplasma pneumoniae antibody and urinary antigens of Streptococcus pneumoniae and Legionella pneumophila. In additon, heart failure was divided to two types, namely systolic dysfunction or diastolic dysfunction [34] , and therefore the condition of No. 3 (Table 1) was stipulated. The presence of pleural effusion on chest radiographs, which was more frequently seen in patients with CPE than those with ALI/ARDS [13, 14] , and an improvement in the respiratory status with diuresis [15] were also included in these criteria. However, each finding was not absolute for determining the diagnosis. We therefore established multiple options, the CPE subjects were required No. 1 and No. 2, together with at least two features in Nos. 3-5, ALI/ARDS ones were required No.1, together with at least three features in Nos. 2-5. The patients who did not meet these diagnostic criteria were categorized as mixed edema, and thus were excluded from the analyses in this study. These classifications were done by two independent physicians who were blinded to the BNP and CRP data. Of the 147 total enrolled cases, 124 met the above-mentioned criteria, the other 23 cases did not meet the criteria. As a result, 71 patients were diagnosed with CPE, 53 patients with ALI/ARDS, and 23 patients with mixed type pulmonary edema.
Measurements of BNP and CRP
BNP levels in plasma were measured immediately after the sample collection in the emergency room with a well-validated commercially available immunoassay (Tosoh, Tokyo, Japan) with a detection limit of 4 pg/mL. CRP levels in plasma were measured by a standard sensitive Latex-immunoassay (Denka Seiken, Tokyo, Japan) with a detection limit of 0.1 mg/L. The normal range for this assay is < 10 mg/L. Both values in all patients were measured within 2 hrs after arriving at the emergency department.
Statistical analysis
Statistical analyses were performed using the PASW statistics 18.0 software package (IBM SPSS, Tokyo, Japan), except for comparison of the receiver operating characteristic (ROC) curve, which was performed using the STATA version 11 software package (Stata, College Station, TX, US). Statistical significance was defined by a p value < 0.05 for all analyses. Continuous variables were tested for normality using the Shapiro-Wilk test, and compared using the Student's t-test or Mann-Whitney test distribution. The chi-square test was applied for comparing categorical variables, unless one of the categories had fewer than 20 observations, in which case, the Fisher's exact test was applied. For statistically different findings between CPE and ALI/ARDS groups, we used multiple logistic regression analysis to compare the relevant outcomes. Continuous variables were redefined as dichotomous variables using the medians as cut-off values in the study population, excluding mixed edema. The sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy rates were calculated according to standard definitions. The accuracy of discriminatory performance was compared by the area under ROC curves. The mixed type patients were excluded for all statistical analyses, such as multiple logistic regression and ROC curves with determination of the cut-off levels of BNP and CRP.
Results
Patient characteristics
Baseline characteristics and the results of laboratory and clinical examinations of the 147 patients, who were stratified according to their final diagnosis, are shown in Table 2 and 3. The ALI/ARDS subjects included 7 patients with ALI and 46 patients with ARDS. Between the ALI/ARDS and CPE groups, there was no statistical difference in the age, gender, and frequency of a past history of cardiac or pulmonary diseases. In the evaluation of patients who had affectors for CRP producibility, there were three patients (5.7%) in ALI/ARDS, and seven patients (9.9%) in CPE, who had acute hepatic 
BNP in patients with pulmonary edema
As shown in Table 3 and Figure 1A , the initial levels of plasma BNP were significantly different between the patients with CPE and ALI/ARDS. When patients with ALI/ARDS were subclassified into those with sepsis or without sepsis, no significant differences were observed between the median (interquartile range; IQR) BNP levels in patients with sepsis [299 (128-463) pg/mL] and those without sepsis [115 (70-417) pg/mL]. The area under the ROC curve ( Figure 2 ) when BNP was used to differentiate CPE from ALI/ARDS was 0.831 (p < 0.001).
A BNP cutoff value of 500 pg/mL (approximate values as the highest likelihood ratio according to the ROC curves, excluding the mixed type edema) had a sensitivity of 69.0%, a specificity of 83.1%, and an accuracy of 75.0% for detecting CPE (Table 4) .
CRP in patients with pulmonary edema
The initial levels of plasma CRP in patients with ALI/ ARDS were significantly higher than those with CPE (Table 3 and Figure 1 B) . The area under the ROC curve ( Figure 2 ) when CRP was used to differentiate CPE from ALI/ARDS was 0.887 (p < 0.001). A CRP cutoff value of 50 mg/L (approximate values as the highest likelihood ratio according to the ROC curves, excluding the mixed type edema) had a sensitivity of 59.2%, a specificity of 69.8%, and an accuracy of 63.7% for detecting ALI/ARDS (Table 4) .
Predictors of the diagnosis after adjusting for other variables
By means of multiple logistic-regression analyses, we determined the additional diagnostic power of measurement of BNP and CRP, patients' age, systolic blood pressure, S3 gallop, left ventricular ejection fraction, and the presence of pleural effusion on the chest radiograph. In order to increase the statistical power, continuous variables were redefined as dichotomous variables using the following cut-off values: age of 80 years, systolic blood pressure of 135 mmHg, left ventricular ejection fraction of 60% (median of population, respectively), and plasma levels of CRP 50 mg/L and BNP of 500 pg/mL (approximate values as the highest likelihood ratio according to the ROC curves, excluding the mixed type edema). This model showed that higher levels of BNP and lower levels of CRP were strong independent predictors of CPE (Table 5 ).
The value of combination measurements of BNP and CRP in patients with pulmonary edema
As shown in Figure 2 , the area under the ROC curve when the combination of BNP and CRP was used to differentiate CPE from ALI/ARDS was 0.931 (p < 0.001).
A) B)
Figure 1 Plasma concentrations of brain natriuretic peptide (BNP) A) and C-reactive protein (CRP) B) in patients with cardiogenic pulmonary edema (CPE) (n = 71), or acute lung injury/acute respiratory distress syndrome (ALI/ARDS) with (n = 53). The p values show between these subjects. The BNP levels in CPE patients were higher than those in ALI/ARDS patients (p < 0.001). The CRP levels in the ALI/ARDS patients were higher than those in the CPE patients (p < 0.001).
There was no significant difference in the area under the ROC curve between BNP alone and CRP alone (p = 0.201), while the combination of BNP and CRP offered excellent performance compared with BNP alone (p < 0.001) and CRP alone (p = 0.030). There was a moderate correlation between the levels of BNP and CRP (ρ = -0.414).
Discussion
This study is the first to demonstrate that a combination of the measurement of BNP and CRP levels provides an advantage over measurement of BNP or CRP levels alone for the differential diagnosis of CPE and ALI/ARDS. The present study demonstrated that BNP had good diagnostic utility for distinguishing CPE from ALI/ ARDS, consistent with the previous reports [15, 22] . The AUC of BNP measurement for the diagnosis in our study appeared to be higher than those in these previous studies. This might have been due to the timing of the examination. The BNP levels of all patients in our study were measured within 2 hrs after visiting the emergency room, while the median time from the recognition of pulmonary edema to the measurement of BNP was 3 hrs (IQR; 0.5 to 14) in the report by Rana et al [15] . BNP levels generally decrease after treatment for heart failure [35] , hence, the high levels and accuracy of our study may be explained by our measurement of BNP levels in most patients before starting treatment.
Several authors also have reported that BNP levels cannot discriminate CPE from sepsis-induced ARDS [23] [24] [25] , because the plasma BNP level may increase due to myocardial dysfunction or the direct effect of inflammatory mediators produced by myocytes in patients with sepsis, in spite of their normal cardiac function [36] . Our study showed no significant differences in the plasma BNP levels between cases of ALI/ARDS with sepsis and those without sepsis. However, the present study population was relatively small, so it may be difficult to discriminate CPE and ALI/ARDS by using BNP alone if the rate of sepsis is high. Additionally, the BNP levels are also known to be elevated in part as a result of the acute right heart dysfunction that is associated with ARDS [37, 38] . Increased stretching of the right ventricle and atrium may cause BNP release, independent of left ventricular filling pressure, in patients with ARDS. In the present study, the frequency of right ventricular dilation/hypokinesis when evaluated by the right heart load in echocardiography was not significantly different between CPE and ALI/ARDS patients. However, the evaluation using echocardiography was clinically difficult, and this was one limitation associated with this study. If right heart dysfunction caused by ALI/ARDS influences the plasma BNP levels, a differential diagnosis of CPE versus ALI/ARDS would be extremely difficult using the BNP level alone.
We also demonstrated the usefulness of measuring CRP for distinguishing CPE from ALI/ARDS. Some patients with ALI/ARDS could have severe community Figure 2 Receiver operating characteristics curve (AUC) analyses of brain natriuretic peptide (BNP), C-reactive protein (CRP), and BNP combined with CRP in discriminating cardiogenic pulmonary edema (CPE) from acute lung injury/acute respiratory distress syndrome (ALI/ARDS), excluding the mixed type of pulmonary edema. CRP levels were converted to the negative values, because lower CRP levels were expected to be more common in CPE patients. p < 0.001 compared BNP alone with combination BNP and CRP; p = 0.030 compared CRP alone with BNP and CRP. Cut-off points of BNP (pg/mL), CRP (mg/L), (%) ALI: acute lung injury; ARDS: acute respiratory distress syndrome; BNP: brain natriuretic peptide; CRP: C-reactive protein; CPE: cardiogenic pulmonary edema; NPV: negative predictive value; PPV: positive predictive value acquired pneumonia (CAP) cases with a score of 4 or 5 based on the CURB65 severity score for CAP [39] . Recent studies demonstrated that CRP is an independent marker of the severity of CAP [40, 41] . Therefore, the CRP levels in patients with ALI/ARDS, including severe pneumonia, may be useful for distinguishing these cases from patients with CPE. Although the individual measurements of BNP or CRP are effective for differentiating ALI/ARDS from CPE, we found the combination measurement of BNP and CRP to provide better results compared with measuring either BNP or CRP alone. Because the BNP level can increase in patients with sepsis, our results suggest that measuring both CRP and BNP can eliminate this drawback to the measurement of BNP alone. Therefore, this combination measurement will help physicians determine a differential diagnosis for critically ill patients with pulmonary edema, even if the patients are suspected to have sepsis or acute cor pulmonale induced by ALI/ARDS. As the value of RHC, echocardiography, and the measurement of BNP alone for the differential diagnosis is still controversial, our results suggest that a combination of the measurements of BNP and CRP may therefore be an effective additional or alternative, non-invasive, and inexpensive diagnostic strategy. This study has several limitations. First, this study validated clinical diagnoses, because an objective "gold standard" method for diagnosis of ALI/ARDS is absent. Although we performed a multiple logistic regression analysis and showed that BNP was an independent predictor, the possibility of collinearity between each surrogate feature (such as PCWP or LVEF as listed in the clinical diagnostic criteria) and BNP cannot be completely ruled out. Second, there was a relatively high number of mixed-type cases of pulmonary edema, and these cases were excluded for the statistical analyses. Finally, this study was limited to a still small sample size at a single center.
In clinical practice, we occasionally provide treatment concurrently targeting both CPE and ALI/ARDS for critical patients. This is important in several cases, however, we must continue to challenge the differential diagnosis of pulmonary edema in order to provide an optimal treatment. Better diagnoses will lead to better treatment and thereby contribute to better patient outcomes.
Conclusions
This is the first report evaluating the utility of measuring both CRP and BNP in plasma to provide a differential diagnosis in patients with pulmonary edema. Our results indicate that measurement of CRP could be useful as well as BNP for discriminating ALI/ARDS from CPE. In addition, the evaluation of the combination of CRP and BNP can provide an even higher accuracy for the diagnosis. It is hoped that a large multi-center survey including cases of sepsis-induced ARDS can be accomplished in the near future.
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